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Staff Meeting Report

Some Aspects of Treatment and Rehabilitation
of Patients with Convulsive Disorders*

Frank Morrell, M.D. t

By way of introduction to this report of the Department of Social
Work, I have been asked to outline some medical aspects of treatment
and rehabilitation of the patient with a convulsive disorder.

Epilepsy is a common disease: Draft statistics from the two World
Wars indicate that it affects at least one per cent of the population,
and most authorities today believe that if all the childhood epilepsies
and the more obscure forms of temporal lobe epilepsy are included.
the figure would be closer to two per cent. It is at least as common
as diabetes and twice as prevalent as tuberculosis.t

Furthermore, since epilepsy is not a fatal disorder but a chronic
disease usually beginning early in life, it represents a significant con
tinuous drain on the economic, social, and organizational resources
of the community.

Convulsive seizures may be symptomomatic of many diseases with
widely varying etiology and pathogenesis. Many industrial poisons,
infections, high fever, oxygen or carbon dioxide intoxication, alcohol,
pyridoxine deficiency, and systemic diseases such as nephritis, uremia,
collagen diseases, etc. may precipitate single or even multiple con
vulsive seizures. Nevertheless, there is a disorder or group of dis
orders that, whatever the original etiology, is characterized by chronic,
intermittent seizures. The seizures themselves are abrupt, paroxysmal,
self-sustaining, self-limited, and generally brief; they are nearly al
ways associated with abnormal electrical discharges and usually with
some alteration in consciousness. Motor, sensory, autonomic, or in
tellectual changes mayor may not be associated with the seizures.
Ordinarily evidence of paroxysmal abnormal brain function is demon
strated in the electroencephalogram (EEG) during interictal phases.
It is this latter fact and also the chronic, intermittent, and recurrent
character of epilepsy which give it an identity as a disease of the

°This report was given at the Staff Meeting of University of Minnesota Hospitals on
April 11, 1958.
tAssistant Professor, Division of Neurology
:j:Bridge estimates that one out of every thirty children seen in the Children's Medical
Clinic at Johns Hopkins has some form of convulsive disorder.
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nervous system distinct from the immediate nervous system reaction
or convulsive response to an external agent.

The excessive, hypersynchronous discharge of nerve cells and
ganglia observed in the EEG is the core of the pathophysiology of
the epileptic process. Generally such discharges originate in local,
relatively circumscribed areas of damaged or abnormally metabolizing
tissue. The peripheral or clinically observable manifestations of the
seizure will, of course, depend upon the axonal terminations of the
cells of origin. If these cells fire into the final common pathway of
the motor system, then obviously, objective, tonic, or clonic move
ment will result. If the cells involved are confined to the sensory
systems, subjective sensation of altered vision or hearing, perhaps
hallucinatory in character, may be the only manifestation. Discharg
ing lesions in autonomic or in so-called integrative centers will result
in seizure phenomena such as Hushing, sweating, and headache, or in
disturbances in thinking and in various levels of consciousness. Many
seizures exhibit an orderly pattern of spread so that by minute analy
sis of the signs, coupled with detailed anatomical knowledge, one
can trace the course of the epileptic process across the cortex or
throughout the cerebrum. Most important for localization is the
aura or initial manifestation, which indicates the origin or '10cal sign"
of the epileptic process. In terms of symptomatology, then, the
epilepsies present as varied a picture as might be expected from in
volvement of a structure that supervises and regulates all the mani
fold activities of the human organism.

In the past ten years great advances have been made in the treat
ment of convulsive disorders. More than 15 highly potent anticon
vulsant drugs are now available. However, the greatest advances
have been due not merely to the discovery of new drugs, but rather to
increased knowledge of the basic pathophysiology of the epilepsies.
This knowledge has for the first time allowed a physiologically rational
classification of these disorders. It cannot be emphasized strongly
enough that successful treatment depends first of all on accurate
diagnosis '- determining not simply whether or not the patient has a
convulsive disorder, for this is seldom difficult, but rather what kind
of convulsive disorder is present. In particular, one must determine
the anatomical site of origin of the seizure discharge. For the cyto
architecturally distinct regions of the brain have differing sensitivities
to various drugs, and therefore an agent that is effective for one area
may exacerbate seizures originating in another; a common example is
the adverse effect of Tridione® on seizures of focal cortical origin.
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The current pharmacological aids, of course, do not cure or re
verse the fundamental epileptic abnormality: they merely control the
seizures, alter their form, or prevent their reappearance. These agents
act either by increasing the threshold of the abnormal cells or by pre
venting spread from the original source of discharge without depress
ing the discharge itself.

Determining proper therapy requires a thorough review of the
patient's life situation and requirements. For example, a factory
worker whose seizures are normally ushered in by a distinct aura,
which gives him time to get out of the way of dangerous machinery
or to retire from view, may continue to hold a good job despite the
afHiction. Treatment of this patient with a drug that increases thresh
old may reduce the frequency of his seizures but also abolish his
aura, so that should he have an occasional spell, he might be seriously
endangered and would almost certainly lose his job. In such a case,
one would choose only those drugs that limit seizure propagation
without depressing the aura (or primary discharge).

The importance of situational requirements is also evident in the
decision either to push drug therapy to the point of complete control,
with the possible attendant complication of toxicity or undue drowsi
ness, or to allow a minimal number of seizures without risk of side
effects. This brings us to the question of what constitutes good
control. It is apparent that the farm worker who does minor jobs,
not involving himself or others in danger, may not be socially dis
abled by an occasional seizure, even as often as once a month. On the
other hand, the teacher, business executive, or statesman constantly in
public view may have his entire future ruined by a single convulsive
episode. Such people require rigorous, virtually complete control.
In addition, the character of the seizure is important: The instanta
neous, momentary lapse of petit mal or nocturnal seizures of any type
are more easily tolerated than is the dramatic convulsion of grand
mal or the sometimes destructive behavior of the patient with temp
oral lobe epilepsy. Good control, then, must be defined individually
as that control which enables the patient to carry out socially pro
ductive labor, to raise and maintain a family, to care for children.
Control to such a degree can be achieved with modern medical treat
ment in 80-85 per cent of all patients with epilepsy.

A certain proportion of patients, especially those with focal tem
poral lobe lesions secondary to brain trauma, are relatively refractory
to anticonvulsant medication. Surgical techniques developed in re
cent years allow the excision of the focal discharging lesion under
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electrocorticographic control. If the surgeon is successful -in re
moving all the discharging tissue, a complete cure (no seizures, no
medication) can be accomplished in about 55 per cent of patients.
Another 30 per cent are improved so that they can then be controlled
with anticonvulsant drugs. Obviously surgery can be contemplated
only when clinical signs and EEG readings point to a single discrete
and accessible lesion, and when an adequate trial of anticonvulsant
medication has failed to bring about control.

Although medical or surgical therapy is the cornerstone of treat
ment, other factors may be of crucial significance. Psychological diffi
culties certainly playa role in precipitating seizures. The importance
and intensity of these factors (which determine the mode of treat
ment) vary widely from patient to patient. But the total rehabilitation
of these patients requires considerable attention to these factors and to
the life and work situation of the epileptic patient. A recent survey
in our own clinic has demonstrated, for example, that although 85
per cent of patients were under reasonably good seizure control, fully
7.'5 per cent of these were unemployed at the time of the survey, with
job histories that indicated inability both to obtain and to maintain
employment over many years. This is a higher proportion of un
employment than that found among any handicapped group except
the totally blind. One college graduate with only rare nocturnal sei
zures had had 18 jobs within the past year.

The factors that determine this situation have never been sub
jected to detailed investigation. Some of them - such as the tremen
dous social stigma conferred by the label "epileptic" - are obvious.
Workman's Compensation Laws discriminate against this group. Psy
chological alterations and subtle and as yet undiscovered performance
deficits may play a role. But the relative significance of these and
other, perhaps unknown, variables has yet to be delineated. Recently
the Sister Kenny Foundation has generously provided support for a
full-scale study of problems in the rehabilitation of the epileptic
patient. Even before this, Miss Roadfeldt and the Department of
Social Service had developed an active interest in this aspect of total
patient care. The resultant teamwork has plunged us all into a morass
of unknown quantities which has left us appalled at our own ignorance
and at the magnitude of the problem.

The role of the social worker is an extremely important and varied
one in the Seizure Clinic. And it is this role, much of it painstakingly
carved out by Miss Roadfeldt herself, which will be described in the
paper that follows.
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Staff Meeting Report

Social Work with Seizure Patients co

Rhoda V. Roadfeldt, M.S. t

t

Seizures or epilepsy is a subject of increasing concern not only
for the medical profession but for social workers, individual agencies,
employers, teachers, and others who come into contact with this prob
lem. As Dr. Frank Morrell, Division of Neurology, has pointed out,
it is also a complex medical condition and one which covers a wide
range of symptoms. The loss to society and the individual may range
anywhere from 0 to 100 per cent, from the professional practicing
lawyer to the brain-damaged child in your neighborhood. Our dis- ,
cussion today is primarily about the group of seizure patients who
are not mentally retarded and who have attained a good control of
their seizures with medication or surgery or both. But before discuss-
ing patients with seizures, it would seem advisable to review basic
social work concepts and methods. The social worker in the hospital
is an adjunct to the medical staff in meeting these problems. She
works with patients individually, assists community agencies and helps
them to develop new resources where needed.

We are all concerned with helping the people who come to the
hospital for care. Those of us in the helping professions share a deep
respect for the basic worth and dignity of each individual as a human
being. Social work expands this concept to include respect for the
individual's particular way of life, his cultural values, social values,
monetary values, and religious values. We believe further that every
individual has the right to make his own decisions, the right to self
determination, and that potentially he has the capacity to modify and
change his habits and attitudes to create a more satisfactory life.
Thus the patient with epilepsy, for example, must determine for him
self whether or not to tell his employer of his seizures.

These concepts are put into practice in the follOWing way in a
medical setting: When a doctor refers a patient to the social worker,
he states the problem and makes the request for service. The difficulty
may be a distraught family, a belligerent patient, post-hospital plan-

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
April 11, 1958.
tSenior Social Worker, Neurology Service, University Hospitals
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ning, or any number of situations. First, we need to know if this
request for service was made by the doctor or by the patient himself
through the doctor, as this will influence the approach to the patient.
Second, what is the medical picture? This information is gathered by
discussion with the doctor to determine the diagnosis and the treat
ment planned and to learn what he knows about the patient. When
working with a seizure patient we need to know whether the seizures
started when he was a child, a teenager, or an adult. By knowing
this we have some idea of the pressure that the individual may have
been under or is under at present. A child who has seizures and grows
to adulthood absorbs and assimilates many of his parents' reactions
to seizures. For the teenager or adult, the beginning of seizures is
a real crisis situation, and the approach by the social worker must be
carefully individualized. Important, too, is the frequency of the seiz
ures - once a month, once a week, once a day; and the severity of
the seizures - are they mere seconds of blanking out, or are they the
more dramatic grand mal seizures? At the time the patient is being
seen are the seizures under good control, or are the physicians still
trying different medicines in the hope of gaining better control?

The third step is the evaluative interview with the patient, during
which the social worker is listening to the problems the patient ex
presses as well as the words he uses, the feelings with which he de
scribes himself and his actions. It is important to know how the
patient reacts to his own illness because it determines what he does,
how he acts, and how he feels about himself and his situation. The
social worker assesses his response or lack of response. The relatives
are interviewed whenever possible to provide information about the
family constellation, the interplay of its members, and its cohesiveness
and to provide valuable information that will help us to understand
why the patient acts as he does. It is also possible to determine how
the members of the family can be counted on in future crises and how
active they will be in working on problems presented by the patient's
seizures. The social worker can be of value by gathering more infor
mation from state and local community agencies or their representa
tive, including the public health nurse, the schoolteacher, vocational
counseling agency, county welfare boards, employment services,
church groups, and the like.

These steps lead us to the final point - the action taken after the
fact-gathering evaluative process. This may include casework service,
involving· a continuing relationship with the patient. Once all. perti
nent facts .and inforination are at hand, the social worker and the
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doctor will be able to work effectively with the patient toward resolv
ing the presenting problem, or to referring this problem to the appro
priate social agency. To illustrate these steps, take the case of Mr.
and Mrs.

Mr. and Mrs. were referred by the physician to the social worker
because they had spoken of marital difficulties. The social worker
learned in discussion with the doctor that Mr. . known to the Neu
rology and Seizure Clinics over a period of years, had had psychomotor
seizures. These were now under excellent control after a right temporal
lobectomy, but he had shown some impairment of judgment and severe
outbursts of temper during which he beat his wife and children. The
social worker interviewed the patient and his wife jointly and sepa
rately and learned that they had married young and had had five chil
dren in rapid succession. Both Mr. and Mrs. appeared immature in
their attitudes toward each other, each expecting the other to adapt
to his own needs and wishes. Mrs. tended to be domineering but
Mr. had been able to hold his own as head of the family. He had
been a good worker and a good provider, holding a job at a Minneapolis
plant for ten years. The wife had gone to work during a temporary
money shortage while her husband underwent surgery. When he re
turned home, insecure about his ability to maintain status in the fam
ily, marital tension increased. He attempted to continue his control by
beatings. Interviews were held with husband and wife at weekly inter
vals for two months during which they were helped to recognize some
of the ways each needed to change in order to get along with the other.
The wife gave up her job, and thus allowed the husband to take his
place again as head of the family; the husband learned to control his
rages by avoiding the rest of the family when he was unable to contain
himself. Some temporary improvement in the marital situation resulted.

The University Hospitals Adult Seizure Clinic has pointed up the
particular problem of the epileptic patient. The social worker is in a
strategic position to interpret the medical understanding and treatment
of epilepsy to a large segment of the public that may be uninformed
or hostile; she does this indirectly by working through local agencies
and directly by working with patients and families. As it is important
that the physician individualize the medical treatment of patients,
it is also important that the people in the community individualize
the social treatment of patients. But instead they tend to generalize
about the epileptic patient, and as a result to reject and discriminate
against him. Many outmoded ideas regarding seizures are still voiced
by patients and their families and friends. There are patients who
fear that their minds will be affected by the seizures, that the spells

416
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are possessions of the devil or punishment from God. And· because
a seizure is often frightening or bizarre to witness, the patient can
easily become extremely fearful or sensitive to the reactions of those
about him, a sensitivity that may in turn reinforce some of his own
unfounded fears. In working with seizure patients, the social worker
must always find out first what ideas and fears the patient and family
have. Then she must try to interpret them in the light of modern
knowledge so that they do not continue to harm the patient in his
adjustments and accomplishments.

The particular considerations and difficulties of the seizure patient
could be listed as follows: ( I) in the medical area, determining the
medicines that can best control the seizures is often a lengthy process,
during which the patient may have adverse reactions to his medicine
and may find it difficult to maintain hope. He fears that his medi
cine is not effective and that he will have a seizure, possibly without
warning on a stairway, on the street, at work, in a social gathering.
Patients who have brief, mild spells are often as sensitive to the re
actions of others as those who have more severe spells. Being able
to talk with the doctor and the social worker at this time can be very
important to the patient if he is to continue taking his medicine and
to be convinced that it is working toward his betterment.

(2) In the social area, the patient's thinking is shaped to a great
extent by those around him, beginning with the family, then friends,
and then the community. The case of i is a good illustration:

s seizures started at the age of 18, as a result of a traumatic
head injury. was a husky, nice looking, well-dressed young man
who came into clinic very tense and nervous. His first seizure had oc
curred in a restaurant in the small town where he lived. He blacked
out, became quite violent and destructive, and had to be restrained by
several men. A similar episode, occurring several days later, came to the
attention of the police and of the welfare board. He was sent to the
University Hospitals with a letter requesting his commitment to the
state institution for the epilepic and menally retarded patients at Cam
bridge. This institution, maintained by the State Department of Wel
fare, is designed to provide medical care, education and training for
people with seizures, provided, however, that they have additional
problems, such as low intelligence or emotional instability, which pre
vent their getting along in their own communities.

When was interviewed during a clinic visit, he began to
sob uncontrollably. He had been active in school until his attacks
began. He was asked to leave school and not to come back until he
was "cured." His mother became terrified of community reaction to
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his seizures and refused to let him leave the house unless someone was 1
with him. At home she was excessively solicitous; only on rare occa-
sions was he allowed to go to a movie or to go out with his friends.

Social work activity was directed in several areas, beginning with
problems of the mother. The social worker learned that t mother
was conflicted by her own feelings about her son and by the advice
that well-meaning friends had given her. The doctor pointed out to
the mother and the patient what to watch from a medical standpoint.
Both doctor and social worker discussed witb _ ways of talking to
others about his seizures. A letter was written to the local school to
explore the possibility of returning when his seizures had been
brought under better control. A report was sent advising the local
welfare board that commitment to Cambridge was unsuitable.

The third problem area for the epileptic patient - in addition to
the medical and social - is vocational. Because of insurance coverage
and workman's compensation laws, employers are reluctant to hire
people with epilepsy. They fear disruption of the daily routine and the
effect on other employees if an employee has a seizure - particularly
a severe seizure - on the job. All physically handicapped people
need special consideration in finding and holding jobs, but the epilep
tic patient poses an added problem: Thus, while the victim of para
plegia, for example, has visible consistent limitations, the epileptic
person does not generally know when he is going to be incapacitated
and cannot plan his life around his disability. A proportion of epilep
tics do have some warning of an impending spell, but the majority are
additionally handicapped by having no such advance warning. There
fore, in the vocational area the patient and those working with him
must have a realistic attitude toward his abilities and the specific
knowledge of what his seizures are like and when they may occur.
Social service and rehabilitation must continue after the patient has
resumed work, particularly after a recent job placement. It is interest
ing to note that the state Division of Vocational Rehabilitation, which
works with disabled people has classified the epileptic patient as "se
verely disabled," along with those with mental illness, with multiple
amputations, with hemiplegia, paraplegia, severe polio, and severe car
diac impairment. This reflects much of the public's attitude about the
severity of seizures and the limitations they impose. In the vocational
area, one of the biggest problems for many a patient is whether or not
he should tell his employer of his epilepsy. If he tells him, he may
not get the job. If he does not tell him, and then has a seizure on the
job, although he has worked successfully for a number of years, his
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work wiII be terminated. His disability would then be listed on the
personnel record and would become a bar to any future job. Mr. .
for example, had worked successfully in a large Minneapolis firm for
26 years, during which he had had a few seizures on the job, unob
served by his fellow workers or foreman. A new foreman, more strict
and demanding, was hired. The patient had a seizure on the job,
fell off his chair, and was immediately dismissed, without considera
tion for his work record and proved abilities.

All the problems described here have been seen day after day in
working with epileptic patients in the University Hospitals Adult
Seizure Clinic. The staff was convinced that a special effort through
an active educational campaign should be made to counteract the
ignorance and superstition about this disability. Every seizure patient
needs careful, individual diagnostic study - medical, social, and voca
tional. The great need for close communication between the doctor,
the patient, and the community agency is emphasized. Close observa
tion is necessary for the patient taking medicine, particularly if con
trol has not yet been obtained. But we have found that good med
ical control of seizures does not necessarily guarantee good social
adjustment. For example . I, in his twenties, had a job as a mes
senger boy. He reported to the doctor that he had lost this job as
well as many earlier jobs. The doctor learned that the medicine con
trolled _ seizures completely but that he fell asleep periodically
during the day, so that his company regarded him as an inefficient
worker. When this became known to the doctors, the medicine was
changed so that the patient did not have this difficulty and could
work again.

As the need for public understanding became increasingly appar
ent, the staff of the Seizure Clinic began to wonder which agencies
and groups in the community were working on behalf of people with
epilepsy and what more could be done. Through the community con
tacts made by the social worker, it became evident that a special or
ganization would be of most benefit. Through the combined efforts
of the University of Minnesota Neurology staff, the Social Service
Department of the University Hospitals, and community leaders, the
Minnesota Epilepsy League was incorporated in March, 1957. The
organization is directed primarily at educating the public and provid
ing information for epileptic patients themselves and for those who
are working with them. At present the League is under the able lead
ership of Dr. Frank Morrell, who with the assistance of the Kenny
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Foundation has initiated a project concerned with the vocational 1
study and placement of seizure patients.

These are only the beginning steps in serving the epileptic patient
and in the area of public education. It is hoped that through this
endeavor much more activity will be devoted to establishing work
shops for teachers, nurses, vocational counselors, and social workers to
help them understand the medical complexity of epilepsy and its im
plications for the patient. It will help make the point that each situa-
tion must be considered on its own merits, each patient regarded as . ~

a total person and not as the embodiment of disease entity with a
stereotyped manifestation of illness or personality.
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Staff Meeting Report

Disinfection of Blankets with
A Synthetic Phenolic Compound 1 * t

Otto H. Ravenholt, B.A.t Everette F. Baker, Jr., M.S.§
Donald N. Wysham, M.D.~ W. R. Giedt, M.D.<>O

Increased recognition of the role of hospitals in the epidemiology
of staphylococcal disease1 •2•3•4 and of the related contamination of
hospitals with pathogenic staphylococci5 •6 has stimulated widespread
interest in effective methods of control.7·8•9 •10 Although blankets are
often heavily contaminated, it is common practice in many hospitals
to use blankets without laundering them for successive patients.6,l1 In
some hospitals extra blankets, distributed indiscriminately each night,
circulate from one patient to another. The routine low temperature
laundry process to which blankets are subjected when visibly dirty
does not destroy Staphylococcus aureus.12.13.14 Autoclaving is gen
erally judged impractical because of shrinkage of wool fibers. 11

Eventually, wool blankets will probably be replaced with blankets
made of heat sterilizable cotton or synthetic fibers,l1 but meanwhile
a way must be found to disinfect them routinely between use on
patients. Oiling blankets reduces air dissemination of particles from
them, but does not sterilize them. Consequently, effective chemical
disinfectants have been sought that will sterilize blankets without
producing stains, odors, or textural changes in the treated blankets.
This search has centered upon the quaternary ammonium compounds
first introduced as germicides by Domagk in 1935. These compounds
have shown promising disinfecting potential under favorable con-

'From the Division of Epidemiology and Laboratories, Washington State Department
of Health
0This report was given at the Staff Meeting of the University of Minnesota Hospitals on
April 18, 1958.
tThe material in this report will appear shortly in Hospitals, Journal of the American
Hospital Association.
:j:Senior Medical student, University of Minnesota
§Assistant Epidemiologist, Division of Epidemiology and Laboratories, Washington State
Department of Health
IfAssistant resident in Medicine, New York Hospital, New York City; formerly epidemic
intelligence service officer, Communicable Disease Center, United States Public Health
Service, Department of Health, Education, and Welfare, Atlanta, Georgia, assigned as
a Medical Epidemiologist to the Washiugton State Department of Health
ooChief, Division of Epidemiology and Laboratories, Washington State Department of
Health
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ditions, but some of them have caused staining and all may be 1
neutralized by commonly used soaps and anionic detergents.l5,16 In
addition, they are not effective against the tubercle bacillus17 and
Pseudomanas aeruginosa. l1

The purpose of our investigation was to find a more versatile
disinfectant for use on wool blankets. Evaluation of disinfectants
for this purpose requires a combination of laboratory and laundry
testing. Laboratory trials can indicate the value of an agent at
various concentrations against a selected organism at specific ex
posure periods and temperatures. Such experiments require the ex
posure of an organism to the trial disinfectant in solution, and sub
sequent attempts to isolate by culture the exposed organism. Classi
cally, these experiments require a test organism with known char
acteristics, a disinfecting compound with a corresponding neutraliz
ing agent to aid regulation of the true exposure period and to pre
vent bacteriostatic activity in the subculture procedure, and suitable
controls. Field testing bridges the gap between laboratory findings
and laundry performance. Only this procedure will insure the prac
tical validity of conclusions derived in the laboratory.

Preliminary studies indicated that the most promising group of
disinfectants for this purpose might be the synthetic phenolic com
pounds. These disinfectants destroy all common pathogenic bacteria,
including the tubercle bacillus;17 they are not neutralized by com
mon soaps or detergents, are not harmful to wool fabrics, do not have
an unpleasant odor, and are nevertheless economical. The following
is a report of our laboratory and field studies of one such disinfectant
product."

Laboratory Studies - Materials and Methods
The organism used in this experiment was a strain of coagulase

positive, hemolytic Staphylococcus aureus derived from a clinical
breast abscess. It was of phage type 52/42B/81, and resistant to
penicillin, tetracycline, and streptomycin.

One-inch square wool blanket samples were immersed in a single
bottle containing a 200 ml. sample of suitable diluted 24-hour-old
broth culture of the test organism. Each blanket square was then
transferred to a bottle containing a solution of phenolic disinfectant 1•..
or, as a control, to a bottle of distilled water. Then transfer of each
blanket sample was made to a third bottle with normal saline rinse

0Amphyl,@ a product of Lehn and Fink Company, containing as active ingredients
o-phenyl phenol, p-tertiary amyl phenol, and potassium ricineolate.
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solution, and in selected cases further transfers were made for addi
tional rinses. The blanket squares were shaken for a specified time
in each of the bottles. A subculture was made from the last rinse
used for each blanket sample after removal of the sample by with
drawal of 1 m!' for inoculation into a Trypticase-Soy agar pour-plate.
Since there is no effective neutralizing agent for the antibacterial
activity of the disinfectant used, a check was made for residual
disinfectant activity by inoculating each final rinse solution with a
loopful of staphylococcal broth following the removal of the 1 m!'
aliquot, and inoculating a Trypticase-Soy broth tube with a second
aliquot five minutes later.

Preliminary trials revealed that 1:10,000 dilution of 24-hour sta
phylococcal broth culture was suitable for this experiment. The effi
cacy of the disinfectant was tested in serial dilutions from 1:50 to
1:1600 at various exposure periods and temperatures. The effect
of extra rinses was also studied. Blanket squares were inoculated and
placed in sterile metal dessicators for a period of 30 days to measure
survival of the organism on blanket material in a dried state.

Findings from Laboratory Studies
The most pertinent results (presented in Table 1) were found in the

1:200 and 1:400 dilution range of disinfectant with a five-minute ex
posure period. No organisms could be cultured from samples ex
posed to the 1:200 dilution or to concentrations greater than this.
The 1:400 dilution permitted a mean survival of 13 colonies per
plate, compared with mean counts using the control fluid of 162
colonies per plate. The 1:800 dilution reduced plate counts by only
one-third, while the 1:1600 dilution permitted plate counts similar
to those of the control procedure.

TABLE 1
RESULTS OF EXPOSURE OF BLANKET SAMPLES TO VARIOUS CONCENTRATIONS

OF DISINFECTANT FOR FIVE MINUTES

Concentration of
Disinfectant Solution

1:50
1:100
1:200
1:400
1:800
1:1600

Distilled water controls

No. of
Samples

10
10
10
10
10
10
10

Plate Counts
Mean Range

o 0
o 0
o 0

13 9-18
104 92-113
158 130-196
164 137 -190
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An increase in exposure time had a direct, potentiating effect oli
the action of the disinfectant in the 1:400 and 1:800 dilutions. Ex
posure at 25° C. and 40° C. temperatures indicated little value of the
higher temperature over the lower one. Extra rinse procedures effected
a striking reduction in the colony count derived from the final rinse
water. The re-inoculation method for detecting disinfectant activity
in the final rinse solution revealed such activity to be present only in
the first rinse of a 1:50 dilution. In no instance was it possible to cul
ture staphylococci· from a blanket sample that had yielded none in
~ previous rinse.

The blanket samples placed for 30 days in sterile dessicators
yielded approximately one-half as many colonies of viable Staphylo
coccus aureus as did control samples inoculated simultaneously and
e:ultured immediately.

Based on these findings, it was concluded that the disinfectant had
sufficient destructive effect upon staphylococci to merit field trial.
Field Studies

Laundry tests were carried out in laundry plants of two separate
hospitals referred to below as trials A and B, using blankets taken
directly from the hospital wards. In each trial, the blankets were
washed in a revolving, interrupting-gear machine with water between
35° and 40° C, the same machine being used for both contrQI and
treated blankets at the respective plants. In both series each blanket
was cultured before washing and again after it had been washed
and dried, by being stretched taut over an open petri plate of
Chapman-Stone Agar" and having its upper surface scratched ten
times with a sterile tongue blade. Each plate was inoculated thus
six times: three times from each side of the blanket at points near
both ends and the center. These plates were then incubated as
follows: in trial A, at 37° C. for 48 hours and at room temperature
for 24 hours; in trial B, at 37° C. for 24 hours and at room tempera-
ture for 48 hours. After this incubation, pigmented colonies were
counted in trial. A, and both pigmented and total colonies were I
counte~ in trialB. Pigmented colonies were frequently picked from ••
the plates for checking gram-staining, hemolysis, and coagulase activ- .
ity. Antibiotic sensitivity to penicillin, streptomycin, tetr:acycline,
chloramphenicol, erythromycin, and bacitracin was detenriined by the
disk diffusion method for all colonies tested in trial A. Twenty per

"Chapman-Stone medium was used because it is selective for. the growth of staphylo
cocci lind promotes good pigment production, which provides a ready means of identi
fying. and counting colonies of these organisms.
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cent of the tested colonies were resistant to all the antibiotics ex
ceptbacitracin. o Blankets used in trial A were taken from "extra"
blankets circulated nightly· on the hospital wards and stored during
the day in linen closets. Those used in trial B were taken from the
blankets being routinely sent to the laundry for washing.

Trial A, Materials and Methods

In this trial involving 40 blankets, a laundry-prepared soap was
used in similar quantity for washing both control and treated blankets.
Here sufficient phenolic disinfectant was added to the last of three
rinses to produce a 0.5 per cent (1:200) solution. The last rinse· was
prolonged to ten minutes with intermittent agitation. Following this
rinse the blankets were dried by being hung overnight in room air.
Conditions under which it was neaessary to handle and dry the
laundered blankets in this first trial probably resulted in limited re
contamination, though this hazard applied equally to the control
and treated blankets.

Trial A, Findings
Plate counts from collections obtained before and after this wash

ing and drying operation are summarized in Table 2. Calculating
from median plate counts, washing in the usual manner resulted in a
27 per cent reduction in pigment-producing organisms, whereas the
addition of disinfectant to the final rinse resulted in an 87 per cent
reduction in these bacteria.

·This bears a suggestive relationship to similar strains of staphylococci recovered from
lesions in the same hospital eight months earlier.3

TABLE 2
PLATE COUNTS OF CuLTURES TAKEN FROM CONTROL AND TREATED

BLANKETS BEFORE AND AFTER LAUNDRY PROCESSING TRIAL A
(PIGMENTED COLONIES ONLY)

No. blankets tested
Median plate count
Mean plate count
Range

Control Group:
(water rinse)

Before
Washing After

20 20
11 8
43 9

0-20M 1-19
Reduction - 27%

Treated Group:
(disinfectant rinse)

Before After

20 20
16 2
61 2.5

0-200t 0-9
Reduction - 87%

tOne plate in the control and three plates in the treated before-washing groups revealed
counts higher than 200. The effect of this was to decrease the calculated reduction
slightly.
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Trial B, Materials and Methods

This trial, carried out in the laundry of a different hospital, in
volved 160 blankets. A commercial washing compoundf was used in
similar quantity for washing both control and treated blankets. The
80 blankets in the treated group were immersed dry in 160 gallons of
a 1 per cent disinfectant solution before being washed. They were
agitated for two minutes and allowed to stand in the solution for
three more minutes, after which detergent was added and the routine
washing carried out with two rinses. Except for the omission of the
disinfectant, the same procedure was followed for the control group.
All blankets were dried by being hung overnight in room air, with
care to avoid recontamination.

Trial B, Findings •
Plate counts from cultures made before and after washing and

drying are summarized in Table 3. Calculating from median plate
counts, washing in the usual manner resulted in a reduction in pig
ment-producing organisms of 92 per cent, while addition of the dis
infectant resulted in a 100 per cent reduction. Total colony count
of the plates revealed an 85 per cent reduction for the routine wash
and a 98 per cent reduction for the disinfectant wash.

tOzonite.® a product of Procter and Gamble Company.

TABLE 3
PLATE COUNTS OF CULTURES TAKEN FROM CONTROL AND TREATED BLANKETS

BEFORE AND AFTER LAUNDRY PROCESSING TRIAL B

I. Pigmented colonies only:
Number blankets tested
Median plate count
Mean plate count
Range

II. Total colony count:
Number blankets tested
Median plate count
Mean plate count
Range

Control Group
Before After

80 80
25 2
58.0 2.7

4-300" 0-13
Reduction 92%

80 80
274 41
245 44

126--300" 6-108
Reduction 85%

Treated Group
Before After

80 80
11 0
43.2 0.2

0-300" 0-3
Reduction 100%

80 80
280 6
219 6

4-300" 0-21
Reduction 98%

1

.Several before-wasbing plates in both series showed more than 300 colonies but were
calculated as 300.
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Discussion
The data collected in this study confirm earlier findings else

where12•13 showing heavy contamination of hospital blankets by
Staphylococcus aureus, in this case by antibiotic-resistant strains.
The blankets used in trial A, which had been distributed each night
as extras on the hospital ward and had thus circulated from patient
to patient, would have yielded some 5,000 pigmented colonies of
stapyhlococci per blanket if the entire surface had been agitated
briefly over culture media!

The laboratory protocol of this investigation departed from the
prototype in using extra rinse procedures (water dilution) rather than
a specific agent for neutralizing the disinfectant, since no such neutral
izing agent could be found. In laboratory trials, the disinfectant
proved entirely effective in 1:200 solution regardless of temperature
or duration of exposure.

In the first laundry trial, however, this was not the case; here
the 1:200 solution effected only 87 per cent reduction in pigmented
colony count compared with 27 per cent reduction among the control
group of blankets. But a true 0.5 per cent disinfectant solution may
not have been obtained in all portions of the blanket load, owing
possibly to incomplete diffusion.

The protocol for the second laundry trial was designed to elimi
nate the possible shortcomings of the first by immersing the blankets
dry in a I per cent disinfectant solution as the first step in the laundry
procedure, thus insuring uniform exposure to the disinfectant; and
by meticulous handling of the blankets in the post-laundry phase.
The number of blankets used was increased from 40 to 160. Both
pigmented and total colonies were counted from the culture plates.
The results of trial B demonstrated virtual elimination of staphylo
cocci from blankets treated with disinfectant.

It appears that the reduction in total colony count was also a
useful indicator of the efficacy of the disinfecting process. The iden
tity of these blanket-contaminating organisms was not determined,
but pathogenic bacteria other than staphylococci may have been in
cluded. The disinfecting procedure significantly reduced their number
from a residual count of 15 per cent of the pre-wash total on the
blankets subjected to ordinary washing, to 2 per cent of the pre
wash total on disinfected blankets.

The data collected in both these laundry trials, and particularly in
the second, reveal a greater reduction in bacterial contamination
through the "routine" laundry process than that found in several
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earlier studies.l2•15 Our observations have led us to believe that a
machine which is not over-loaded and in which an effective washing
compound is used, together with copious rinse procedures, using the
dilution process noted in our laboratory trial, might accomplish re
sults in keeping with our own. The chief difference between the
two trials was that a laundry-made soap was used in the first case
and a commercial washing compound (Ozonite®) in the second. We
also believe that the second trial was conducted with better washing
equipment and with fewer blankets in relation to the water used.
We believe that the results with use of the disinfectant as in trial
B reveal a practical means of eliminating transmission of staphylococci
in hospitals through contaminated blankets, provided the blankets are
are routinely disinfected between patients.

Another consideration in using any disinfectant is its possible
deleterious effects on blankets through odor, texture, or color changes
and on patients through skin sensitivity reactions. Persuasive evidence
of the absence of such effects using the present disinfectant is found
in the experience of one tuberculosis sanatorium which for seven years
has used this same compound in a very similar procedure (but in a
2 per cent solution) for chemical disinfection of all blankets, pillows,
and personal clothing of patients, with no resulting odor or change
in fabric texture or color. This institution has also used this product
for all surface disinfection without evidence of skin sensitivity and
with concurrent reduction in tuberculosis acquired by its personneJ.18
Experimental work by Smith17 had earlier established the germicidal
effect of this disinfectant upon the tubercle bacillus - in itself a signifi
cant difference between this and the quaternary ammonium com
pounds frequently used in the general hospital environment.

Cost of the disinfectant used in 1 per cent dilution is slightly
less than 5c per gallon, fiXing its cost at about 8c per blanket.

Summary

A combined laboratory and field study was performed to determine
the efficacy of a synthetic phenolic compound for disinfecting hospital
blankets heavily contaminated with Staphylococcus aureus.

The findings indicate that although ordinary laundry of blankets,
using only a washing compound and copious rinsing, substantially
reduces staphylococcal contamination, the addition of a synthetic phe
nolic disinfectant Amphyl® to create a 1 per cent solution in the wash-
ing procedure achieves virtual elimination of staphylOCOCCi on the 1
blankets, at a cost of about 8c per blanket. f
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Routine use of the testecldisinfectant for washing blankets, pil
lows, and all laundry materials, as well as for surface disinfection, in
a Seattle tuberculosis sanatorium for seven years has demonstrated
that the disinfectant does not injure fabrics or other materials nor
cause sensitivity reactions in personnel or patients. On the basis of
these findings, the synthetic phenol used in these studies appears to
be a suitable compound for use in blanket disinfection.

Acknowledgments: The authors wish to thank the following people for their contribu
tions to this study: Dr. Thomas Sheehy, Medical Director, Firland Sanatorium: Mrs.
P. Cox, Director of Housekeeping, Firland Sanatorium: Dr. K. K. Sherwood, Adminis
trator, Seattle-King County Hospital; and the many other people who participated.
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Staff Meeting Report

Ehrlich Ascites Carcinoma
In Experimental Cancer Research *t

Young Song Kim, B.S.t

Introduction 1
Although the ascites tumor has been used in experimental cancer

research in recent years, there are few recent reports on the use of
ascites tumors in mice for the screening of chemotherapeutic agents
in cancer treatment.l,2 Its potential value in such studies was sug
gested by Lettre who in 1941 characterized the ascites tumor in
detail.3 These characteristics have since been observed in other
laboratories, including our own,§ and are, in summary, as follows:
a) ascites tumors are readily transferable to mice of different strains
with no significant changes in their characteristics; b) the tumor
"takes" in almost 100 per cent of the animals inoculated, c) survival
time and rate of the ascites tumor development are dependent on the
inoculum size; d) no spontaneous regressions are observed in ascites
tumors, as are frequently observed in solid tumors; and e) the pattern
of tumor growth can be established in a short time with relatively
few animals.

Any chemicals to be tested as possible chemotherapeutic agents
can be injected intraperitoneally, which is comparable to a direct in
tratumoral injection, independent of the blood supply of the host.
This is in effect, an in vivo-in vitro test and makes it possible to obtain
some idea of the action of a chemical on the tumor without much in
terference by other organs.

--

Folic Acid Antagonists:
Folic acid is apparently the immediate precursor of folinic acid,

which is considered to be the active form of the vitamin in most ani
mals. Although the metabolic role of this vitamin is not completely

§Radiation Therapy Research Laboratories, University of Minnesota Hospitals

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
April 18. 1958.
tSupportt'd in part by research grants from Atomic Energy Commission and the Public
Ht:a1th SePdce
*Senior medical student
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understood, there is evidence that the vitamin's functional forms are
intimately associated with processes involving methylation, such as
are required for the synthesis of purines and pyrimidines. Animals
deficient in folic acid and folinic acid exhibit a decreased capacity
to utilize carbon dioxide, formate, and glycine for nucleic acid syn
thesis.

Since the development of the first folic acid antagonist by the
Lederle group4 for use by Farber and his associates in the clinical
investigation of acute leukemia in childhood,5 the literature on the
subject has become voluminous. Higgins and Woods6 reported that
during the time it was administered, the folic acid antagonist aminop
terin restricted the growth of transplanted mammary tumor in C;jH
strain of mice. The effects of either aminopterin or 6-mercaptopurine
combined with radiation in the treatment of cancer have been de
scribed by Thomas,7 who reported dramatic improvement in a patient
receiving this combined therapy; Thomas's results of limited trials
using this treatment on tumors in mice, however, showed discourag
ingly high mortality among the treated animals. Sugiura has shown
that folic acid antagonists inhibit the growth of various ascites tumors
in mice.2

Several factors have motivated the investigation of folic acid antag
onists as inhibitors of tumor growth. One is the fact that cancer
cells multiply faster than do normal cells, and they thus have a greater
need for organic components (purines, pyrimidines, and nucleic
acids), and in turn for the vitamin, folic acid. s A second factor is that
the leukopenia which results from deficiency in folic acid suggests
that the folic acid antagonists and x-rays appear to have similar
effects on biological systems. This latter factor is also demonstrated by
several physiological effects of folic acid antagonists which resemble
the radiation svndrome.

In our lab~ratories folic acid antagonists have been used in in
vestigations of chemical modifiers on the effects of radiation on
various biological systems." Of special interest have been the" effects
of these analogues on the radiosensitivity of mice exposed to total
body radiation9 and on the regression of transplanted mouse mam
mary carcinoma subjected to x-ray treatment.

Growth Characteristics of Ascites Tumor:
When Loewenthal and Jahn10 first obtained a specific variant of

the Ehrlich mouse carcinoma in ascites form, they found it could be

OWe are grateful to the LederIe Laboratories for supplying these compounds.
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transferred to animals of different strains, without significantly chang
ing its original characteristics. It has been found that some histologi
cal types of tumor, such as lymphomata, can readily be transformed
into an ascites form, while other types progress more gradually into
an ascites form by transfer through several generations.ll If the
process of transformation is gradual, one would expect that the
tumor development and growth, as well as the survival time of the
tumor-bearing animals, would change with each successive generation
of the tumor. Such changes would in most cases invalidate the re
sults of experiments involving several generations of animals.

The establishment and growth of the ascites tumor following its
inoculation into a new host have been the subjects of much dis
pute. It is generally agreed, however, that the ascites tumor's develop
ment consists of an initial phase of rapid cell multiplication, followed
by a period of decelerated growth. It is not clear whether or not
there is a significant lag in the tumor development immediately
following the inoculation into a new host: A decrease or constancy
in the cell number during the first day or two has been reported in
several studies of ascites tumors,12,13 but other results suggest that
there is little or no detectable delay in the onset of tumor growth.14,15
This latter conclusion is based on the finding that extrapolation to
zero time of the line depicting cell count as function of time after
tumor cell inoculation yields a cell number that essentially accords
with the initial inoculum size.

In addition to these considerations, it must be realized that the
ascites tumor represents a combination of two phenomena: I) ac
cumulation of serous fluid in the peritoneal cavity due to implanta
tion of tumor cells into peritoneal and serosal linings, and 2) free
tumor cell growth in this serous fluid. The ascites effusion is the re
sult of serious fluid leakage from the peritoneal and serosal capillaries
in excess of its resorption via lymphatics and veins. This can occur
only if the tumor cells find suitable conditions for growth and propa
gation.

It is generally agreed that in the process of transplantation of
tissues or cells to a new site,' adjustments or adaptation occurs before
active growth is observed. On this basis, it was our thought that there
might be a different metabolic pattern during the early hours of the
ascites tumor growth, and that during this period the effects of chemo
therapeutic agents might be easily demonstrated.

In the study of experimental carcinoma, free tumor cells have
been observed to be more sensitive to beta and gamma irradiation
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and to chemical agents than are normal tissue cells.I6,17,18 Also, the
metabolically active cells are consi<lered more susceptible to irradia
tion or to antimetabolites than are resting cells, Thus, if there is little
or no appreciable lag during the early hours of the inoculated ascites
tumor cell growth, irradiation or antimetabolites should elicit a
response independent of time. However, if there is a lag period, as is
suggested by theoretical consideration and by observation of micro
organisms in new culture media, the response may be found to de
pend upon the phase of growth as exhibited by mitotic activity, Ir
radiation can also induce a damped oscillation of mitotic activity of
the ascites tumor cells. This oscillation, which has been observed for
several days following irradiation of cells, is greater than that observed
among nonirradiated cells following their tranplantation to a new
site.19

From this it can be surmised that the response to a chemical agent
administered at various times following the inoculation of the tumor
cells into a new host might not only demonstrate the presence of lag
period, but might also yield information on the timing of irradiation
or subsequent administration of carcinostatic agents for optimal
control of tumor growth.

Experiments
I. Survival of CaH and Z Strain Male Mice Bearing

Ehrlich Ascites Carcinomas
Survival and weight are the usual criteria for evaluating the re

sults of experiments utilizing Ehrlich ascites carcinoma in mice. In
asmuch as the Ehrlich ascites tumor was introduced into our labora
tories in· April, 1956, no information was available on its growth
characteristics in mice from our colony. Thus it was considered
advisable to follow the passage of this tumor through several trans
plantations in our strains of mice to verify that its growth character
istics were not chang~d by this process.

Methods and Materials:
Male mice of CaH and Z strains from our breeding colony, with

an average age of six weeks, were used in this study. Ascites tumor
cells from donor mice, obtained from Roswell Park Memorial Hos
pital," were inoculated into these two strains and were subsequently
followed through more than twenty generations within each strain.
The following criteria were set up at the beginning of the study and

"Courtesy of Dr. T.Hauska of Roswell Park Memorial Hospital, Buffalo, New York.
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followed throughout the experiment: 1) the cells for re-inoculation
were to be obtained from the donor mice seven to ten days after their
inoculation; 2) the inoculum size was 0.2 cc. of undiluted ascites fluid;
and 3) the development of ascites and the survival of the host animals
were checked daily. Five animals were used for studying each gen
eration of the tumor, exclusive of stock animals from which the in
oculum for the next generation was drawn.

Results and Conclusions:
Throughout the experiment, there was no observed failure of

ascites tumor development, nor was there any spontaneous regression
of the tumor. Numbers of cells per unit volume, counted with a
hemocytometer in successive generations, were found to have very
nearly the same value throughout.

No significant variation in the length of survival of the tumor
bearing animals of either strain (C3 H or Z) was observed from gener
ation to generation. Table 1 shows the mean survival of animals of
both strains. It is apparent that the mean survival of C3H mice is
about two days shorter than that of Z strain mice. The distribution of
survival times of individual animals is shown in Figure 1. Within
each strain the distribution is in accord with statistical expectations;
but the curve exhibits less deviation about the mean than for the
C3H group than for the Z strain (Standard Deviation for C3H mice:
2.1 davs, and for Z mice: 2.7 days). Weight data taken during the
course' of this study correlate very well with survival patterns from
generation to generation.

Although the original Ehrlich ascites cells were obtained from the
same stock mice, there is a definite difference in the survival pattern
in the two strains studied for 20 successive generations in our labor
atory. This suggests a specificity within the strain which is main-

TABLE 1
MEAN SURVIVAL TIMES OF C 3H AND Z MALE MICE

BEARING EHRLICH ASCITES CARCINOMA

Mean Survival Time

Distribution:
Between generations (20 generations)
Between individual mice (100 mice)

S.D.
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C3H Mice
(days)

15.4

11.8-19.0
11-20

2.1

Z Mice
(days)

17.7

11.4-21.0
8-26

2.7
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Survival Times of C3 H ($ and Z d Mice
Inoculated with Ehrlich Ascites Carcinoma.

z d' (100)
(17.7 ±2.7 days)

if (100)
(15.4 :!: 2.1 days)

8 10 12 14 16 18 20 22 24 26
Survival Time in Days

Fig. 1

tained despite repeated transplantation. This stability of the growth
pattern within a particular strain removes a possible source of error
in experimental work and permits more freedom in experimental de
signs involving several generations of tumor-bearing mice.

II. Induction of Mitotic Oscillation in Ehrlich Ascites
Carcinoma Cells by X-Irradiation

Our interest in mitotic activity as a modality in combination ther
apy experiments was aroused by Conger's description of Amand's
work on mitotic inhibition following the in vivo radiation of Ehrlich
ascites carcinoma cells.19 Amand found that the mitotic activity was
depressed following radiation exposure, and that the amount and
duration of this depression could be related directly to the amount
of the radiation dose. Following this initial depression, the mitotic
activity rose rapidly and exceeded the normal level, and then tended
to oscillate about the level of activity exhibited by normal unir-
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radiated cells. It thus appears that radiation can induce synchrony
of mitotic activity of cells similar to that brought about by tempera
ture changes.20 ,21 If the induced oscillation of mitotic activity is a
true manifestation of metabolic synchrony, this fluctuation may offer
information about the best time for administering a chemical agent to
be used in conjunction with x-irradiation to permit maximum in
hibition of tumor growth.

There is no general agreement about the site or mechanism of
the inhibition of mitotic activity produced by radiation or by the ad
ministration of a chemical agent. It is agreed, however, that radiation
and certain carcinostatic agents exert their effects on cells by in
hibiting nucleic acid synthesis. For example, folic acid antagonists
are believed to inhibit the metaphase in the mitotic cycle through
specific interference with nucleic acid synthesis.22

Methods and Materials:
The experiment reported here involves two groups of mice (Z,

male), each receiving 100 roentgens (in air) to the abdomen. Animals
of one group were injected intraperitoneally with 250 micrograms
of the folic acid antagonist, aminoteropterin, 30 minutes prior to
irradiation, while the other group received an equal volume of 2 per
cent sodium bicarbonate prior to irradiation. Peritoneal punctures

TABLE 2
MITOTIC ACTIVITY OF EHRLICH ASCITES CARCINOMA CELLS

FOLLOWING 100 rlAm

Mitotic Activity11000 cells
Pro- Meta- Ana- Tele-

Time phase phase phase phase Total

100 r/air only:
o hrs pre 46.5 9.3 1.3 2.2 59.5
3 hrs post 36 .3 .:3 0 36.6
6 hrs post 22 2 1 1 26

12 hrs post 51 11 2.5 0 64.5
21 hrs post 65.3 14.3 3.6 3 85.2
24 hrs post 113.6 14.3 3.6 2.3 133.6

2,50 ILg Aminoteropterin
plus 100 r/air:

3 hrs post 21 3 0 0 24.0
6 hrs post 28 4.5 1 0 33.5

12 hrs post 35.5 6 .5 0 42
21 hI'S post 26.5 2.4 0 .5 29.5
24 hrs post 34 3 0 .3 37.3
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were performed at various times during the first 24 hours following
the irradiation. These cells were fixed and stained according to the
Papanicolaou method. Mitotic activity was determined by recording
the phase of mitosis for one thousand cells on each slide.

Results and Conclusio1l8:

The depression in mitotic activity following radiation, with its
eventual increase to values above normal, is similar to, but greater
than, that reported by Conger.19 (See Table 2 and Fig. 2.) The cells
irradiated after administration of aminoteropterin exhibited slower
recovery of mitotic activity following the initial depression than did
those irradiated after sodium bicarbonate administration.

Mitotic Activity of Ehrlich Ascites Carcinoma

Cells Following 100 r/ air in Vivo Irradiation.

en
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+
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These results, if reproduceable, indicate that a combination of
chemical and radiation therapy is of potential value in cancer treat- I
ment. Furthermore, this technique may provide a simple but effective ....•..•
method for screening chemicals to be used in combination therapy. •

A larger series of experiments is in progress at present in order to
yield data with good statistical reliability.

III. The growth of Ehrlich Ascites Carcinoma in ABC Mice t
with Administration of a Folic Acid Antagonist 1
(Aminoteropterin) at Various Times following Transplantation. .

This study was designed to investigate the possibility (mentioned •
in the Introduction) that the time of administration of a carcinostatic I..•.
agent following tumor inoculation might be as important as the •
amount of this agent in controlling subsequent tumor growth.

Methods and Materials: I
Donor mice (ABC strain, an average age of 70 days) were selected .

from ascites tumor-bearing stock having been inoculated with the ••
tumor cells seven to ten days earlier. The ascites fluid (approximately
5 cc. from each donor) drawn from several donor mice was pooled,
and 0.2 cc. of undiluted fluid (cell counts on several occasions in
dicated that the average inoculum contained 2 x 106 cells) was in-
jected intraperitoneally into each of the recipient mice.

Aminoteropterin was dissolved in 2 per cent sodium bicarbonate
solution to provide concentrations of 500 and 50 micrograms/cc.
Each experimental animal was given an intraperitoneal injection of
0.5 cc. of one of these two solutions. In two pilot studies, 60 mice
were used with 5 mice per group. In the final experiment reported
here, 200 mice were used with 20 to 30 animals per group. The
animals were maintained on a standard pellet diet (Purina Laboratory
Chow) and water ad libitum. Survival was checked daily, and weight
was measured every third day. In all experiments animals were
treated in random fashion to eliminate bias.

Results and Conclusions:
The results of the first pilot study (Table 3) suggest that both

the 25- and the 250-microgram doses of aminoteropterin' interfere
with the growth of the inoculated tumor, with 250 micrograms being
the more effective dose. An interval of 12 hours between the tumor
inoculation and the administration of 250 micrograms of aminoterop
terin appears to produce the greatest inhibition of tumor growth
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TABLE 3
GROWTH AND SURVIVAL OF HOST MICE TREATED WITH AMINOTEROPTERIN FOLLOWING INOCULATION:

EXPERIMENT No.1

°TWQ animals died due to deyhdration in the course of experiment, thus excluded from the experiment.
:j:Three animals were living at the termination of the experiment on 32nd day.

TABLE 4
GROWTH AND SURVIVAL OF HOST MICE TREATED WITH AMINOTEROPTERIN FOLLOWING INOCULATION:

EXPERIMENT No. 2

Time of
Injection
(hours)

,..Average Weight Gain / % Survival on-..
13th day 22nd day 34th day

(gms / '/el (gms / % ) (gms / % )

..,
:r:
l'l

a::
l'l
t:l....
n
>
t"'

III
~
t"'
t"'
l'l..,
....
Z

0.6/40
1.5/80

100 33 0
100 100 60
100 100 20
20 0
60 20 0

100 40 0
30 20 0

,.---Per cent survival on~
21st day 25th day 32nd day
(%) (%) (%)

6.4 / 100 14/ 40
0.8 / 100 1 / 80
0.5/ 100 1 / 100
1.3 /l00 5 / 80
2.3 / 100 5 / 60

10.0/100

22.8
39"
58"
36
26
18

5 100
2 100
5 100

17 100
13 80
8 100

12 100

Mean
Survival
(days)

,----On 13th day~
Av. Wt. Per cent

Gain Survival
(gms) ( % )

27
32:j:

26
26
22
28
23

22
34
58
29
23
18

Mean
Survival
(days)

50%
Survival
(days)

16
26
22
12
14
16
12

50%
Survival
(days)

5
5
5
.5
5
5

Number
of Mice

3"
5
5
5
5
5

10

Number
of Mice

o
6

12
18
24

o
12
24
o
12
24

Time of
Injection

(hrs)

250
250
250
250
250

Control

Amino
teropterin

Doses
(/Lg)

250
250
250

25
25
25

Control

Amino
teropterin

Doses
(/Lg)

'One animal in each group surviving at 73rd day
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(lowest weight gain and longest s\.1rvival, with three out of five animals
showing no evidence of tumor development on the thirty-second day
following the inoculation).

A more comprehensive study was made of the effect of the 250
microgram dose given at various intervals during the first 24 hours
following inoculation of tumor cells. As in our first experiment,
the 250 micrograms of aminoteropterin given in the first 24 hours
following tumor inoculation definitly inhibits the growth of the
tumor. (See Table 4.) While median and mean survial of the control
group was around 18 days, that of the treated groups ranged from
22 to 58 days. (Two animals from the treated groups survived more
than 73 days.)

The weight gain as observed on the thirteenth day also indicates
a marked inhibition of tumor growth produced by the agent. The
inhibitory effect on weight gain is also demonstrated, but to a lesser
degree, at a later date. From the pattern of growth, it is apparent
the period ranging from 6 to 18 hours after tumor inoculation brackets
the time for administering the 250 micrograms of aminoteropterin for
most effective control of tumor growth. As in the first experiment,
the group receiving the antagonist 12 hours after tumor cell inocula
tion exhibited the best inhibition.

The final experiment was identical in protocol to the one just
considered, except for the inclusion of more animals in each group.
The results generally corroborated those of the pilot studies (Table
5). Aminoteropterin was again demonstrated as inhibiting the growth
of ascites tumors in mice, as evidenced by larger survival and less
abnormal weight gain in the treated group. The probabilities that
these differences could be due to chance alone are in all cases less
than one in one thousand (Table 5). Among the treated animals,
the two groups receiving the antagonist at 6 or at 12 hours after tumor
inoculation survived longer than did the other groups (these two
groups had four and five mice respectively surviving at the termination
of the experiment on the twenty-eighth day).

If the cells are more sensitive to carcinostatic agents when they
are metabolically active, the observation reported here suggests that
both the amount and timing of the dose administered are critical
factors in arresting the growth of the cells. The time dependent res
ponse to an identical carcinostatic agent indicates that manipulation
of the tumor cells (inoculation into a new host) induces a definite
metabolic pattern in these cells. The increase of metabolic activity
following initial depression to a value greater than exhibited by the
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TABLE 5
GROWTH AND SURVIVAL OF HOST MICE TREATED WITH AMINOTEROPTERIN FOLLOWING INOCULATION:

EXPERIMENT No.3

r---Average Weight Changes / Per Cent Survival-----.,
on 13th day on 21st day on 24th day on 27th day
( gms / % ) ( gms / % ) ( gms / % ) (gms / % )

Amino
teropterin

Doses
(p.g)

250

250

250

250

250

Control

Time of
Injection

(hrs. )

o

6

12

18

24

Number
of Mice

18

19

27

18

18

20

500/0
Survival
( days)

20

26

23

20

21

17

Mean
Survival
(days)

20.2

24.3"

23.3:J:

20.1

20.9

17.5

5.4 / 100

4.2/100

4.0/100

6.0/100

6.0/100

10.3/ 95

13.0/16

7.0 I 84

7.0/82

8.0/11

8.0/33

14.0/ 0

4.0/53

8.0/59

13.0/0

4.0/ 6

5.0/21

4.0/19

..,
II:
t"l

a::
t"l
t::I....
o
>
I:"'

b:j

~
I:"'
I:"'
t"l..,
....
Z

°Four mice were living on 28th day. :f:Five mice were living on 28th day; for the purpose of mean survival time determination, these mice were
considered to have died on the 28th day.
pltl values indicating differences in survival and average weight gain between experimental and control groups are less than 0.001 in all cases.
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control suggests further that there is a greater number of cells in a
similar phase of metablic activity. This observation indicates some
similarities to the oscillation of mitotic activity following the initial
depression induced by x-radiation of cells, in that these cells are kept
in the same phase of metabolic activity for a prolonged period.

In these studies, an attempt was made to demonstrate the effect
of a carcinostatic agent, aminoteropterin, on the growth of Ehrlich
ascites carcinoma, when the agent was administered at various times
following the inoculation of tumor cells into a new host animal. It
was found that a single 250-microgram dose of this compound defi
nitely appears to inhibit the growth of the tumor, and that the ad
ministration of this dose 12 hours after the inoculation of the tumor
cells produces the greatest effect.

These data suggest that there is a lag period of about 12 hours in
the growth of a tumor following its inoculation into a new host animal,
and that the duration of this lag can be influenced by aminoteropterin.

Summary

The observations reported here show that the metabolic activity
of tumor cells can be synchronized by artificial means, such as x
irradiation or transplantation. This is evidenced by a) damped oscil
lation of mitotic activities in greater magnitude than the mitotic
activities manifested by non-irradiated cells, and b) a greater inhibi
tory effect on the tumor cells of aminoteropterin administered at 12
hours than at other times within the first 24 hours after the inocu
lation of the tumor cells. This indicates that the timing of the ad
ministration of a carcinostatic agent might be as important as its
dosage in effectively controling tumor growth. The determination of
such timing may possibly be obtained by using mitotic activity as an
index.

The prolonged depression in mitotic activity observed after x
irradiation of cells in vivo in the presence of a carcinostatic agent
indicates that this experimental design may be useful in screening
chemical agents to be used in conjunction with x-ray therapy in can
cer treatment.

This report also reaffirms the validity of weight gain and survival
time of mice bearing Ehrlich ascites tumors as criteria for evaluating
the results of experiments utilizing this type of tumor.
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